Examination of the transcriptomic activity of an organ at single cell resolution is one of the major breakthroughs in modern biology. Single cell RNA sequencing (scRNA-seq) is built on the paradigm-shifting work of BRADY and ISCOVE [1] , who described a method for generating microgrammes of cDNA from samples as small as a single cell almost 30 years ago. This discovery was followed closely by single cell transcriptomic analysis in neurons, accomplished by microinjecting primer, nucleotides and reverse transcriptase enzyme into dissociated cells [2] . Next generation sequencing technology afforded the opportunity to sequence thousands of genes from a single cell, with the first reported whole transcriptome analysis from a single mouse blastomere in 2009 [3] . Additional technical breakthroughs have refined library preparation and sequencing, which, combined with microfluidics-based single cell separation with reactions occurring in nanolitre scale droplets, have greatly increased the throughput and depth of analysis [4] . The potential for scRNA-seq to answer fundamental questions of cellular identity and heterogeneity, and to generate new hypotheses in lung developmental biology and disease pathogenesis, has driven the rapid adoption of this approach, with more than 40 papers published in the past 5 years that apply scRNA-seq techniques in the lung. From these data, there is an emerging appreciation of the contribution of rare subpopulations of cells to lung development and disease. With this new knowledge has come the challenge of defining cell types and subpopulations of cells by function and transcriptomic features. Clearly defining cellular identity is even more complex during lung development, when cells are in a state of rapid transition, a conundrum aptly described by Shakespeare's Ophelia in Hamlet when she said, "Lord we know what we are, but not what we may be."
In the recent past, our understanding of the heterogeneity of the pulmonary mesenchyme and appreciation for the pivotal role that mesenchymal cells play in directing lung organogenesis has grown tremendously [5, 6] . Defining cellular identity, and delineating which specific markers characterise specific subpopulations, have been significant hurdles in understanding the role of mesenchymal cells in lung development and disease [7] . Heretofore, the identification and nomenclature of subpopulations of mesenchymal cells has been based largely on the phenotype or location of these cells (e.g. lipofibroblasts, myofibroblasts). Furthermore, much of this work has been based on rodent models [8] . Specific and fundamental differences between human and mouse development (e.g. the unique presence in humans of multipotent epithelial progenitor tip cells and diverging roles of FGF ligands in humans and mice [9] [10] [11] ) underscore the need for a greater understanding of mesenchymal cells during human lung development. Achieving such understanding requires a reliable way of identifying the different populations of human mesenchymal cells as a basis for interrogating their function during development. Addressing this important knowledge gap, DANOPOULOS et al. [12] report in this issue of the European Respiratory Journal that scRNA-seq of the developing human lung identified subpopulations of ACTA2-expressing cells early in development, allowing identification of unique cell markers for airway smooth muscle cells (HHIP, MYLK, IGF1) versus vascular smooth muscle cells (NTRK3, MEF2C) (figure 1). The group reliably identified these distinct subpopulations of airway and vascular smooth muscle cells in human lung sections via in situ hybridisation using probes for the aforementioned cell markers, validating their utility. Whereas prior work has focused on specific gene products of these cells, such as ACTA2, the new markers provide the basis for future work to identify the fates of these highly specialised cells in disease states of the airways and vasculature, and to develop novel insights into their developmental roles. Indeed, these data strongly suggest that using subpopulation-specific mesenchymal markers will improve the accuracy and rigor of research on the lung microenvironment compared to currently used markers. For example, COL1A1 expression was found to be present across a diversity of sub-populations including matrix fibroblasts, pericytes, and myoepithelial cells, indicating COL1A1 expression alone is insufficient to determine cellular identity without the presence of additional markers. An additional striking finding in this study is that whereas many cells were committed to particular lineages at 11 weeks, a substantial portion of cells remained as non-specific progenitor cells [12] . This raises questions of the precise timing and pathways of differentiation of these uncommitted cells in later stages of lung development, and of how long they may persist. A deeper understanding of mesenchymal plasticity in the adult lung creates the potential for novel therapeutic strategies, whereby differentiated mesenchymal cells could be driven towards an uncommitted progenitor state in order to repair the lung after injury. In addition, these findings add further context for multiple recent publications and preprints featuring scRNA-seq data in humans with various chronic pulmonary diseases, such as idiopathic pulmonary fibrosis (IPF) [13] [14] [15] [16] . Because mesenchymal cell phenotypes and epithelial-mesenchymal interactions are believed to be key drivers of the pathogenesis of fibrosis, harmonising the scRNAseq data from this manuscript with the recently published data from adults with and without IPF may yield insights into developmental origins of mesenchymal subpopulations present in this disease.
Additional data from this study indicate early differentiation of inflammatory cell types in the human lung, as well as the presence of myoepithelial cells. Although these were not validated using in situ techniques, these data are available to other investigators for further in silico analyses. The study has some important acknowledged limitations, including low sample numbers for these limited early human specimens, and use of dissociation techniques which favour mesenchymal cells at the expense of epithelial cells. Nevertheless, these data address an important knowledge gap in human lung development, and provide an important resource for the field.
Comprised of diverse cell subpopulations which heretofore have lacked clearly distinguishing features, the pulmonary mesenchyme has been challenging to parse into specific groups with distinct markers and functions. Use of scRNA-seq allows not only for the analysis of the developing lung at single cell resolution, but also within the context of transcriptomic differences between groups of cells [17] . Ongoing studies to characterise the regulatory landscape of cellular identity using epigenomic approaches, such as single cell assay for transposase-accessible chromatin using sequencing (scATAC-seq), will provide an additional dimension to understanding the lineages and roles of specific mesenchymal cell subpopulations in human lung development and disease.
